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The Computational Human
Grady Booch
ON COMPUTING
TO LIVE OFF the land takes a particular kind of person. I don't mean living off the land in a temporary, get-back-to-nature-but-thank-goodness-I -still-have -my-cellphonewith-me kind of way. I mean surrendering your very life to the unbridled bounty and brutal indifference of nature, relying on only your wits and perhaps the cooperation of others to grow food, provide shelter, and defend yourself from the randomness of the winds, the rains, the sun, and the beasts. From our privileged lives, we might read about such stories or watch them from the comfort of our modern homes and societies, where the rule of law and the safety net of civilization provide all things and more with relative ease. However, to the man or woman living off the land-as was the case for tens of thousands of years-simply surviving required a very different way of approaching the world.
The Agricultural Revolution
In the marvelous book Sapiens: A Brief History of Mankind, Yuval Noah Harari posits that the Cognitive Revolution, as he calls it, began around 70,000 to 30,000 years ago, marked by "the appearance of new ways of thinking and communicating." 1 We listened to the earth and started to understand its signs. We realized that each of us is an individual, a unique conscious spirit, and that we can communicate with each other using a complex, spoken language. We started to manipulate our world in irreversible ways.
We learned we could ask "How?" and "Why?" and that the answers improved our lives. We began-as Harari calls it-to de ne our own imagined realities.
"All this changed," Harari noted, "about 10,000 years ago, when Sapiens began to devote almost all their time and effort to manipulating the lives of a few animal and plant species." Thus began the Agricultural Revolution. This, too, required a different way of thinking. We learned the mechanisms of trust beyond our immediate tribe. We began to develop social structures at scale, attempting to reconcile the needs of the many with the avarice, sel shness, and serenity of the few. We began to have a different relationship with time, measuring our lives not by sunrises and sunsets but by the rhythm of the seasons and the slow progression of the stars. We were on a journey of discovery for what it meant to be fully human.
How do I identify with any delity which plants to eat and what to avoid? What's the best way to nurture a crop in the summer so as to have food in the winter? Given only the raw materials of the land, how do I take down an animal far larger than myself? How do I build a shelter that will keep me safe and that will endure? My predecessors knew all this: these were skills essential to their survival.
And those are skills I don't innately have.
The Scienti c Revolution
As a modern man, I have skills my predecessors did not. The disconnect between their way of thinking and ours began around 500 years ago, at the dawn of the Scienti c Revolution.
This was a time distinguished by a way of thinking that differed fundamentally from the previous ages. Harari suggests this new life was framed by three things: "the willingness to admit ignorance, the centrality of observation and mathematics, the acquisition of new powers."
By the time of Charles Babbage and George Boole in the mid-1800s, the Scienti c Revolution was in full ower, particularly in England. The fundamental premise of science is that the cosmos is understandable, and both Babbage and Boole embraced that ideal with a vengeance.
The man who invented the cowcatcher, pioneered the postal service, and proposed theories of division of labor on the manufacturing oor also brought us the Difference Engine and the Analytical Engine.
Babbage applied his ways of scienti c thinking to mechanizing the production of mathematical tables, and thus began the leap from purely scienti c thought to computational thought. Boole had related ideas, but in a different domain. In his seminal book An Investigation of the Laws of Thought, he sought to "investigate the fundamental laws of those operations of the mind by which reasoning is performed." 2 Babbage pursued the automation of calculation; Boole had a much grander focus-to understand the machinery of the mind.
I don't know how to shoe a horse; I don't know how to cope with a London fog lled with carcinogenic coal dust. I no longer know how to correspond by longhand. These are things that Babbage and Boole knew. But, thanks to them and the men and women who followed, I have skills they never did.
The Computational Revolution
This is to be expected. Our modern world is different and so requires a different way of thinking. We have a very different relationship with time: we schedule our day by the minute, we time our races by the second, and we trade nancial instruments by the millisecond. We don't have to feed and groom our horses or slaughter our own cattle, but we do Uberize our travel and McOrder our McMeals. We still must cooperate among different tribes, but working at a scale of humanity unimagined by our predecessors, we often outsource our social interactions to the mediation of our devices. We occasionally watch live performers but more often entertain ourselves by staring at at pieces of glass on which pixels dance and ash.
We call this new way of thinking computational, and it's as important to thriving in our modern world as other ways of thinking were in their time. Jeanette Wing de ned it as "the thought processes involved in formulating problems and their solutions so that the solutions are represented in a form that can be effectively carried out by an information processing agent." 3 As Carnegie Melon University's Center for Computational Thinking suggests, "To ourish in today's world, computational thinking has to be a fundamental part of the way people think and understand the world." 4 As I try to understand the history of our computing profession, I frame it as a journey founded on the assumption that the world is computable. We've witnessed a steady and subtle shift in our domain, with its focus rst on purely mathematical automation, shifting next to symbolic, and now to the building of imagined realities that live in our machines and into which we project our lives. Such I do not know how to shoe a horse or correspond by longhand.
computational thinking is distinguished by several characteristics:
• an assumption that our computational world is discrete; • the foundational reality of information; • data as abstractions of reality; • the power of algorithms to manipulate information and form abstractions; • the importance of scale, both in time and space as well as in the in nitesimal and the in nite; and • the universality of computing.
The assumptions of science have led us to discoveries that have fundamentally changed humanity; the assumptions of computational thinking have done the same.
As professionals, computational thinking is part of the air we breathe and the fabric of our days. We have to think like a computer to command our computers to think as we do. The fruits of our collective work have led to the need for computational thinking in every other domain. Today, if you survey the sciences, you will nd the most vibrant work is taking place in computational physics, computational chemistry, computational biology, computational psychology, computational sociology … and now even computational philosophy.
D
ifferent ages of humanity have required different modes of thinking. In a way, these modes re ect the particular circumstances of life in each age. The earliest ways of thinking evolved as a means of bringing more certainty and predictability to an uncertain, unpredictable world. Scienti c thinking evolved as a means of understanding the world. Computational thinking has evolved as means of controlling it at a level of delity once relegated to the gods and goddesses of our myths.
These modes of thinking were also projections of the forces that propelled us to the next mode: early cognition led to the scienti c process, which led to computing.
Therefore, we must celebrate what computing has brought us and savor its fruits. However, we must also not be complacent: we're laying the seeds of new ways of thinking for the next age of humanity.
